The basement depth in the Rio Grande Rise (RGR), South Atlantic, is estimated from combining gravity data obtained from satellite altimetry, marine surveys, bathymetry, sediment thickness and crustal thickness information. We formulate a crustal model of the region by inverse gravity modeling. The effect of the sediment layer is evaluated using the global sediment thickness model of National Oceanic and Atmospheric Administration (NOAA) and fitting the sediment compaction model to observed density values from Deep Sea Drilling Project (DSDP) reports. The Global Relief Model ETOPO1 and constraining data from seismic interpretation on crustal thickness are integrated in the inversion process. The modeled Moho depth values vary between 6 and 27 km over the area, being thicker under the RGR and also in the direction of São Paulo Plateau. The inversion for the gravity-equivalent basement topography is applied to gravity residual data, which is free from the gravity effect of sediments and from the gravity effect of the estimated Moho interface.
Introduction
The ocean basement is presumed to be oceanic basaltic crust created at mid-ocean ridges and its knowledge is crucial in many applications of geosciences, as the basement, rather than the ocean bottom, is representative of the tectonic situation and history of a specific area (Braitenberg et al., 2006) . Due to continuous sedimentation over oceanic areas, morphologic features of the basement can be buried and features of low amplitude will be the first ones to disappear, distorting the tectonic framework (Constantino and Molina, 2014) . Therefore, a flat ocean bottom may hide a completely different tectonic situation of lineaments, tilted crustal blocks and ridges, which can only be observed directly on the basement.
The structural elements of the basement can be useful for understanding the opening and formation of the oceans, as it can reveal both extinct and active spreading axis. Manifold other applications can be cited: the study of plate tectonic movement from hot spot traces, the statistics of seamount populations and the interpretation of magnetic anomalies over oceanic areas in terms of the magnetic anomaly stage (Braitenberg et al., 2006) .
Bathymetric models obtained by inversion of satellite-derived gravity data integrated with shipborne bathymetric information can be found in the literature, as in Smith and Sandwell (1997) and Sandwell and Smith (2001) . The approach we are using in this paper is quite similar, but differently from inverting the gravity signal for the ocean bottom, the information contained in the gravity field is entirely used. Where there is a sedimentary blanket covering the basement, the gravity anomaly may contain a high spatial frequency signal corresponding to the morphology of the buried structures, which is dismissed in the inversion calculation for bathymetry, but considered for the basement.
For marine geology studies that aim to investigate tectonic features in areas where seismic data is unavailable, the interpretation of the gravity field can be a great solution. A good example of such a situation is given in the Rio Grande Rise (RGR). Most of the geological knowledge of the RGR comes from early Deep Sea Drilling Project (DSDP) reports (Barker, 1983) , the reflection seismic lines tied to DSDP drillings interpreted by Gamboa and Rabinowitz (1981, 1984) , and refraction/reflection seismic surveys conducted by Leyden et al. (1971) . Nevertheless, the geology of the basement is poorly known.
The methodology we propose was previously applied successfully for different oceanic areas, like South China Sea (Braitenberg et al., 2006) and Santos Basin (Constantino et al., 2016) .
In this paper we determine the basement topography for RGR from the combined analysis of the satellite gravity anomaly field, the bathymetric model, the sediment thickness model and crustal thickness information. As a by-product of our analysis, we determine the Crust-Mantle interface (Moho depth). The main features of the gravity anomaly field correlated to the basement, is discussed.
Regional setting
The RGR, one of the major large igneous provinces (LIPs) in the South Atlantic Ocean, extends between 28 and 34 S and 28 and 40 W (Gamboa and Rabinowitz, 1984) and has an isolated position, possible due to a westward migration of the Mid-Atlantic spreading axis during the Late Cretaceous (70 Ma) (Rohde et al., 2012) . The bathymetry over the area (Fig. 1) , shows depths ranging from 500 m up to 6200 m. In the RGR, it varies from 800 m in the shallower area to nearly 5400 m in the NW rift structure that crosses the rise.
According to Rohde et al. (2012) , seafloor morphology indicates that the RGR formed adjacent to the Walvis Ridge and was then separated from it through mid-ocean ridge spreading. It is divided into two different morphological units, the Western Rio Grande Rise (WRGR), which is a large elliptical plateau with average depth of 2000 m and the Eastern Rio Grande Rise (ERGR), which is approximately a north-south trending that runs parallel to the present day Mid-Atlantic Ridge axis (Gamboa and Rabinowitz, 1984) . The WRGR was affected in Eocene times by a magmatic episode, giving rise to guyots and seamounts responsible for the high elevations reaching up to 700 m below sea level at the present time (Ussami et al., 2012) . WRGR and ERGR are truncated by a NW-SE trending rift, surrounded by seamounts and guyots. A detailed description of this tectonic feature, which is approximately 1 km deep and filled with sediments, is presented in Mohriak et al. (2010) .
Basement characteristics of the RGR
Little is known about the geology of the basement in the RGR region. Less is known about its depth. Although some DSDP sites on the RGR have been drilled, only site 516F (leg 72) has reached the basement (Fig. 1) . Rocks drilled along this site and over the main platform, consist of tholeiitic basalts, presenting a trace-element chemistry characteristic of transitional mid-ocean ridge basalts (Thompson et al., 1983) . Nevertheless, the guyots and seamounts are composed of Eocene age alkaline basaltic rocks typical of oceanic islands (Fodor et al., 1977) . From the paleobathymetry of the rise derived through sediment and stratigraphic data and through its subsidence history, it is suggested that the RGR was initially very shallow and parts of it might even have been above sea level during Santonian to Campanian (Detrick et al., 1977) . From site 21 (leg 3) at ERGR the age was estimated between 84 and 75 Ma (O'Connor and Duncan, 1990) , however, the drilling did not reach the basement at this site.
Evidences using seismic interpretation to define the basement in RGR can be found somewhere in the literature (Kumar, 1979; Barker, 1983; Gamboa and Rabinowitz, 1984; Mohriak et al., 2010) , but even in these sparse cases, the actual surface that is interpreted is the acoustic basement, defined as the deepest observable reflector in the seismic reflection profiles, which might not actually represent the base of the sediments. In oceanic areas, basement is presumed to be oceanic basaltic crust created at midocean ridges, however, in some cases, strongly reflective chert layers and mid plate volcanic rocks mask the underlying oceanic crust. According to Kumar (1979) the acoustic basement over RGR is not clearly visible on seismic records due to a reflector composed of Santonian-age limestone that masks the acoustic basement under most of the rise. 
